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COLOR DEFECTIVE VISION AND THE RECOGNITION OF AVIATION
COLOR SIGNAL LIGHT FLASHES

I. Problem.

Candidates for Federal Aviation Administra-
ticn medienl certificntes (Classes 11 and 11I)
must be able to diseriminate minong uvintion sig-
nal red, white, and green To test for this re-
quirement, a variety of commercial color vision
tests have been approved for use by FAA-desig-
nated Avinition Medical Exuminers, ultlhiough
muany of these tests Lave not been standardized
against specific aviation vequirements, Many in-
vestigators® have compared these tests for elinieal
efliieacy in elussifying and qmuantifying color de-
fective vision, The purpose of the eurrent study
was to compare several of these tests, together
with some currently non-FAA-npproved clinical
tests for predictive value when used with an
aviation criterion.

II. Method.

A, Subjects,  Five thousund and sixteen vis-
itors to the 1968 Okluhomn State Fair were
sereened using the Ameriean Optieal TI-R-R, the
Dvorine plates and the Farnsworth Panel D-16
(these tests ure described helow) with 460 of
these fuir-groers showing some degree of color de-
ficiency., These 460 people were invited to par-
ticipate in this investigation.  From this group,
49 men and five women were tested on the test
Iattery. Additional subjects were obtained from
Tinker Air Force Duse.  Arrangements were
minde to sereen 4600 netive duty medieal vecords
for evidence of color defeet. Two hundred forty-
seven Air Foree personnel were so identified and,
of these, T3 mer - «pleted the Group 1 test bat-
tery, These 12. -~ jects comprae the Group 1
test population.

One year later, the Air Foree medienl records
were agnin sereened and 369 additional defectives
were identified, At this time, the Titmus Vision
Tester (lolor Plate was added to the test hattery
and 71 men completed the hattery und comprise
the Giroup 2 test population.

B. Tests aud Procedwre. ‘The complete test
hattery is deservibed helow. Beeuuse the Titmus
Vision Tester was not used at the time they were
run, Group 1 subjects did not receive that test.

Lo The A O IH-R-R plates (Amerieun Optieal
H-R-It Prendoisochromatie plates, 2nd edition,
Amerienn Optical Company, 1967), which are
really pseudonchromatie plates, were designed® *
to diseriminnte color defeetive vision from nor-
mal color vision, to elussify type of defect, and
to indicate the degree of defectivensss, The test-
ing procedure preseribed by the test authors was
followed except. that no repetition was given.
Each subjeet was shown the four demonstrertion
plates and asked to identify any symbols he saw.
He wus told there would be one, two, or ne
figures on eacli plate. IHe was then shown the
test. plates and asked to identify the figures, The
first vesponse was recorded and no corrections
were allowed,  For this study, n subject was
seored as failing il any errors were made in
plates 12-11 of the dingnostic series,

2 0OF the Dvorine plates (Dvorine Pseudo-
Lsochronwtie Plates. 2nd  odition,  lHarcourt,
Brace and World, Incorporated, 1953), the 15
numeriea]l  plates, inehding one demonstration
plate, were used, ‘The seven plates for illiterntes
amd the nomenclature test were exeluded from
the study,  Eneh subject was shown the plates
and asked to identify the munbers, ‘The eriterion
for failure was 12 or more errors on plates 1-14,

3 The Farnsworth Panel D15 (Farnsworth
Dichotomous Test for Color Blindness, Panel
D=15, Psyeliologieal Corporation) was designed
to distinguish the severely color defeetive from
the color normal and the moderately color defec-
tive® The test consists of 13 plastic color eaps
plus a rack containing o reference color eap
mounted at one end.  Eacli subject was instructed
to place the color caps in order, so that cach eap
was placed next (o the caps most like it in color
After completing the test the subject was nsked




to review it and make any changes to covreet the
order.  The failuve criterion was at least two
crossovers in approxinmtely the same direction
on the seore sheet cirele,

1 The Frurensworth 1oo-hwe Test (the Farns-
warth-\Tunsell 1o0-hoe Test for {he ISxamination
of Coloy Diserimination, Munsell Color Company,
Incorpornted, 1957) was designed to measure
eolor diserimination in the color noinal and the
zones of color confusion in the color defective.”
'The test congists of four hinged boxes, ench con-
tuining two fixed color reference eaps at either
end of one purt of the box and one-fourth of the
8 color test eaps randomly areanged in the other
part. ‘The subjects were instructed to place the
color caps in order so that each eap was placed
hetween the two enps mwst like it in color. Sub-
jeets were told to work in any order from either
reference eap. ‘The scoring procedure was iden-
tiend to that deseribed by the test nuthor An
ervor scors of 100 or imore was considered fuiling.

All of the nbove tests were ndministered in a
darkened room with test illuminaton supplied by
a Macheth easel Inmp with daylight filter to ap-
proxinte C.LE. Source C.

H. The Color Threshold Tester (SAM CTT)
(Macheth Corporation), which wns developed
for an Air Force criterion, consists of a test
light in front of which are twn dises, each con-
taining eight filters, The upper dise contains
neutral density filters for varying the luminance
of the test light, while the lower dise contains
color filters for varying the test color. The sub-
joet. was sented ten feet from the instrument in o
dark room. All eight colors, at the highest lumi-
nanee, were shown to the subject and named for
him by the examiner before testing. The subject
was iustrueted to report the color of eanch test
light, nnd to use only the color numes shown to
him before testing, ‘The subject was told to guess
when not sure. A1l eolors wers shown at the
lowest luminance fivst in the order prescribed by
the test author. 'The order was reversed at each
suceessively higher luniinance. The criterion for
failure was n score of 49 or less,

6, The Farnsworth Lantern (Farnsworth Lan-
tern for Testing Color Vision, Macheth Corpora-
tion) was designed for the screening of Navy
personnel. The Lantern permits successive pre-
sentation of nine vertically arrayed prirs of lights
representing all possible combinations of the two

possitions and of the three colors, red, green, and
white. Subjects were seated eight feet from the
Lantern in n lighted room. Kach subject was
instructed to identify the colors of the pairs of
lights presented to him, Al nine pairs of lights
were presented in random order and if the sub-
ject mude No errors i ideniiiying ihe paiis i
the series, he was passed. If there were any
errors, two additional series were run.  Fuilure
eriterion was nn average of more than one errvor
per series of nine color pairs for the last two
series,

7. The Titmus Plate (Color Perception Plate
of the Titmus Vision Tester, Aevomedical model,
Titmus Optieal Company) was ndded to the test
battery when Gronp £ subjects were run.  The
test wus designed to detect color deficiency, but
not to dingnose the type of defect. 1t consists of
n transilinminated plate containing six repro-
duced Ishilura Pseudo-1sochvomatic Plates. The
plate is viewed binocularly through a stereoscope
that presents an image of the plate nt an optical
distanes of 20 feet. The test wus ndministerved
in an illwminated room. ‘The subject was in-
structed to identify the numbers in ench circle
oi the plate, Iailure criterion was any ervor,

8 Kach subject was given an anomanloscope
exumination with a Nugel-type anomaloscope
(schmidt and Ilaevsch). The instrument pre-
sents u monoenlur view of n 2°107 circular bipar-
tite field, The subject is required to match the
two halves of the field to produce the Rayleigh
equuation, o varinble mixture of wavelengths of
670 nm and 546 mn in one half and 580,23 nm of
varinble luminance in the other, The examinn-
tion procedure begun by uasking the subject to
fixate the Lrendelenburg adaptation light for
two minutes after which the subject was asked
to mateh the halves of the bipartite field using
both contrel knobs, Tor succeeding matches, the
exuminer set the red-green mixiuve, while the
subject attempted to make a mateh hy varying
the luminance of the yellow field. ‘This proce-
dure was continued until the examiner renched
the limits of the subject’s range. letween
matches the subject was asked to regard the
adaptation field for thirty seconds. After the
subject’s range was determined under conditions
of “nentral” adaptation, the runge was redeter-
mined for conditions of chromatic adaptation
by asking the subject to look through the eye-
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piece continuously. The subject used his pre-
ferred eye.

Subjects who made matches oufside the limits
of 38-44 on the instrument’s arbitrary seale of
0-73 were classified ns defectives, Ranges les:
than 10 were classified arbitrarly ns mild defects,
ranges between 11 and 25 as moderate, and ranges
grenter than 20 as severe. The anomaly wa.
classified ag extreme for snbiects whose range o
matchies made with chromatic adaptation was
greator than the mnge obtnined with “nentral”
adaptation, The direction of devintion of the
center of the range of mautches from the nornu.
limits determined the dingnosis of type of de-
ficiency, i.e., subjects who required more green
than normal in their matches were classified as
deutan, while those using more red than normal
were protans. Dichromats, subjects who matched
the entire range of the instrument, were classified
as protanopes if the yellow luminunce setting wins
very low for matches with red and as deuter-
anopes if the yellow luminance was normal, Ior
the purpose of compavison with other tests, sub-
jects whose range of matches exceeded 10 units
were considered failing.

N.B. After many subjects in Group 1 had been
examined, it was discovered that the linkage be-
tween the comparison (yellow) slit and the mi-
crometer drum had become misaligned so that the
luminances of the yellow field were sharply
attennated. This condition made it impossible
to distinguish clearly severe protanomalies from
protanopes. To facilitate comparisons the mis-
alignment was maintained for all subjects, The
gpectrnl specifientions were not affected by the
misalignment.

9, Each subject received a practical test of his
ability to recognize light flashes of aviation signal
red, white, and green. This test, which was
identical to the test administered by FAA Gen-
eral Aviation District Offices to anirman candi-
dates who desire Statements of Demonstrated
Ability for the color vision requirement, was
eiven outdoors during daylight honrs. An FAA
color signal light gun was stationed indoors at n
window at an elevation of 38 feet. 'The subject
was stationed at distances of 1000 and 1500 feet
from the window and at each distance three five-
second flashes were presented at two-minute in-

tervals, the flash colors being randomly selected
but with the proviso that &1l three colors be pre-
seuted at lenst once within each six-flash test.
The subject wns asked to identify the color of
ench {lash bhefore the ftash terminated. One or
more errors in identifying the colors of the six
Teoties 1 0 :ui:‘m;_; PLOLC.

The pass-fuil eriterin for the A.O, H-R-R
plates, the Dvarine hlntea the Color Thraahald
Tester, the IFarnsworth Lantern, and the Titmus
Vision Tester PPlute ave criterion scores used by
Aviation Medieal Examiners {or candidates for
Class IT und TIT medieal certificates.t The pass-
fail eriterion for the Farnsworth Panel D-15 iy
the eriterion suggested by Tarnsworth® for in-
dustrial and wilitary applications, although no
specific nvintion eriterion wns suggested. The
pass-fail eriterion for the Farnsworth-Munsell
100-hue test is tuken from Farnsworth’s sugges-
tion that error scoves exceeding 100 full heyond
the range of normal competence for color dis-
erimination.  The pass-fuil criterion for the
anomaloseope was arbitrarily selected. No effort
was made, in the current study, to determine if
pass-fail criteria other than these employed in
the current study might produce improved cor-
relations hetween any of the tests studied and
the colar signal light gun test.

III. Results.

The ranges of anomaloscope matehes made by
all subjects in Groups 1 and 2 are shown in
Figures 1 and 2. The ranges for normal, pro-
tanomalous, and protanopic subjects are shown
in Figure 1, while ranges for deuternnomnlous
and deuteranopic subjects are shown in Figure 2.

The ranges obtained under chromatic adapta-
tion from subjects Inbeled extreme anomalies are
indicated by broken lines, while solil lines indi-
cate the mntches obtained under “neutral™ adap-
tation,

Table 1 indicntes the product-moment correla-
tions (phi coefficients) between each clinieal test
and the color signal light gun test for Group 1
subjects. All correlations represent significant
chi-squares at the 0.01 level. Examination of
Table 1 indicates the highest correlutions were
obtained from the Color Threshold Tester and
from the Farnsworth Lantern.
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Runge of anomunloscope matches mude by normal, protanomalous, und protunopic subjects under concli-

tiony of “neutra?” wdaptation (solid lines) and, where different, chromutie adaptation (hroken lines),

Tanrg 1.—Correlations between clinienl tests and the
color signal light gun test.

Group 1

Phi Percent

Test Coeflicient*  ‘“Mlisses’’
AOH-R-R_ ... .52 14.2
Anomaloseope. . oo .44 4.7
Color Threshold Tester...... .58 10,2
Dveorine Plates...._ . ..._... .52 7.9
Farnsworth Lantern.__.___.. .58 3.1
Farnaworth 100-huo. .___.___ .54 5.5
Farnsworth Panel D-15_._... it 13.4

#*All correlations are significunt at the L 01 lovel.

Also shown in Table 1 are the percent of
“misses” for ench test, i.c, the percent of sub-
jects who passed the clinienl test, but failed the
color signal light gun test. The highest niss

e .

rates were obtained with the A.Q. H-R-R, the
Farnsworth Panel D-15, and the Color Threshold
Tester. Wide varintion in miss rate may be scen
for tests with similar phi coeflicients.

Table 2 indicates the product-moment correla-
tion between ench clinical test and the color sig-
nnl light gun test and the per cent of “misses”
for subjects in Group 2. Again, all correlntions
are significant at the 0.01 level.

This group was included so that the perform-
ance of the Titmus Vision Tester Plate could be
evaluated relative to the other tests, Table 2
indicates that the Titmus Plate has the second
lowest phi coefficient, but the lowest miss rute.

Table 3 indicntes the correlations obtained
when Groups 1 and 2 are combined. Ag before,
the per cent of “misses” obtained with each test
are also shown. Aguin, ingpection of Table 3

o
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revenls wide varintion in miss rate with refatively
Tittle variation in phi coeflicients.

iV. Discussion.

Examination of Tables 1, 2, and 3 suggests
that the tests used in the enrrent study may he
divided into four groups. The first group con-
sists of the AQ. TT-R-R, the Color Tueshuia
Tester, and the Tarngworth Panel D-15—all tests
with very high miss rates. The numbar of
“misses” is important, from the standpoint of
safety, because these nve the per cent of nppli-
cants who will rveceive medical certificntes with-

TanrLe 2.—Correiations hetween clinfeal tests and the
color signal light gun test,

Group 2

Phi Pereent

Test Cocfficient®*  ““Misses”
AOII-R-R___._ ... .43 4.1
Anomalodeope . - oo cnenavan. .35 7.0
Color Threshold Tester. .. .. .38 8.5
Dvorine Plades ... ... _...... 47 4,2
Farnsworth Lantern_. ... ... .45 4,2
Farnaworth 100-hue. .. ..., .33 8.6
Farnsworth Panel D-16...._. . b1 11,3
Titmus Plate. . ... ... .. .34 1.4

*Al correlutions are significant at the . 01 level.

out. color vision restrictions, bhut who should re-
ceive certificates with restrictions, since they uve
unable to diseriminate among aviation signal
colors, For this reason, the tests in this group
appear to be unsatisfactory for sereening nirman
applicants.

'The second group of tests consists of the anom-
aloscope, the Dvorine plates, and the Farnsworth-
Munsel} 100-hue test—all tests with average cor-
relations and moderate miss rates. None of these
tests i3 an outstunding measure of color vision
requirements for aviation, but all have some
predictive value without the high miss rate asso-
ciated with the tirst group of tests,

al foata and the

color signal light gun test,

Groups 1 and 2

Phi Pereent

Toat Cocfiicient*  ““Alicaes"’
AOY-R-R. ... . ... .50 B
Anomnloscope. ... .. . .41 6.6
Color Threshald Tester, . .. L {10 (R
Dvorine Plates___. . .. ... . h0 6.0
Farnsworth Lantern_._ ... .. . 653 3.5
Farnsworth 100-hwe .. ... .. .47 6.6
Farnsworth Panel D-156.._. . Oh 12,6

*All correlations are signifiennt at the . 01 level,

The remmining two tests stand alone.  Based
on the data in Table 2, the Titmus Vision Tester
Plate appenrs to have a low predietive value.
This seemungly inferior performmnce is aceom-
panted by the lowest per cont of “misses” en-
countered in the ewrrent study,  That both the
Titinng phi coeflicient. and miss rate are fow 18
due to the high per vent of Talse positives (39.4.9)
obtained with this test, The fulso positives are
thase subjects who failed the Titmwus Plate, but
passed the color signal light gun fest, Thus a
relutively high Lamber of applieants will fail
this test, when they should he passed. Airman
applicants who fuil the color perception plate of
the Titmus Vision Tester should be given an op-
portunity to tuke another test for the color vision
requirement,

The Farnsworth Lantern consistently yielded
one of the highest correlations with the color
signal Tight pun test and, at the sune time, con-
sistently vielded low miss rates, These data to-
gether with the Farnsworth Lantevn’s high face
validity suggest that the Farnsworth TLantern
may bhe the preferred test for screening sirman
applicants,

Examination of Wigures 1 and 2 revenls that o
high praportion of the subject population were
dichromats or severe anomalies, Tind o test
population: with o bigher number of mild and
moderate anomalies heen used, the corvrelnfions
observed in this study would certainly have heen
different.
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Mild Deuteranomaolous

3 Borderline Defective -
Deuteranomc lous

2. Runge of anomaloscope matches mude by deuteranomalous and deuteranopte subjects under conditions

of “neuteal” adaptition (solld Nnes) and, where different, chromntic ndaptation (hroken lines).
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